The aim of the study was to determine the effects of taurine in rats exposed to subacute dichlorvos toxicity. Fifty rats were weighed and assigned into five groups of ten rats each. The groups received: distilled water, soya oil (1 ml/kg), taurine (50 mg/kg), dichlorvos (10 mg/kg) and the combination treatment group received taurine first and then dichlorvos 30 min later. The treatments were administered once daily by oral gavage for 4 weeks. The rats were euthanized and blood samples were collected after the termination of the study. Serum samples were analysed for malondialdehyde concentration and activities of antioxidant enzymes (superoxide dismutase and catalase). Dichlorvos increased malondialdehyde concentration and reduced the activities of superoxide dismutase and catalase. There was attenuation of malondialdehyde concentration and improvement of activities of superoxide dismutase (P = 0.0273) and catalase (P < 0.0001) in rats treated with taurine. It is postulated that taurine ameliorated dichlorvos-induced oxidative stress through the reduction of malondialdehyde concentration and the enhancement of activities of antioxidant enzymes.
Introduction
Pesticides are chemicals that are widely used in agricultural, domestic and public health settings for the control of pests. There are evidences of the link between exposure to pesticides and the incidence of cancer, Parkinson's disease, Alzheimer's disease, multiple sclerosis, diabetes, aging, cardiovascular and chronic renal disease [1, 2] . Dichlorvos (2,2-dichloro-vinyldimethyl phosphate, DP) is an organophosphate insecticide that is used for the protection of greenhouse plants, fruits and vegetables against mushroom flies, aphids, spiders, mites, caterpillars, thrips and white flies [3] . The insecticide is commonly used on cattle, sheep, poultry and around livestock edifices for pest control [4] . It is applied as an anthelminthic in dogs, swine and horses [5] . In Nigeria, DP is widely used by farmers for agricultural pest control [6] . The routes of exposure to DP include ingestion, inhalation and dermal exposure [7] . It is known that organophosphorus compounds, including DP, elicit neurotoxicity in mammals by inhibiting acetylcholinesterase activity [8] .
Oxidative stress has been identified as an important molecular mechanism of toxicity of DP [3] . It is defined as an imbalance between the production of free radicals and the antioxidant system of the body [9] . Enzymatic and non-enzymatic antioxidants scavenge free radicals and reactive oxygen species (ROS) in biological systems [10] . Taurine (2-aminoethanesulphonic acid, TA) is a conditionally essential amino acid with high water solubility and it is an end product of cysteine and methionine metabolism [11] . TA is an efficacious non-enzymatic antioxidant that protects many organs in the body against toxicity, oxidative stress [12] , and injury [13] .
The purpose of the study was to determine whether taurine could protect male Wistar rats from the adverse effects of subacute dichlorvos toxicity. It is important to investigate the attenuation of the toxicity of DP with TA (a putative antioxidant) because oxidative stress has been identified as one of the important molecular mechanisms of DP toxicity. In addition, the protective effects of TA against DP toxicity should be explored because the residues of DP have been detected in food stuffs in several countries including Nigeria [14, 15] .
Health Guide for Care and Use of Laboratory animals [16] .
Chemicals
Commercial grade dichlorvos (DP, 100% solution containing 100 g per liter of 2,3-dichlorovinyl dimethylphosphate) marketed as Sniper ® was purchased from an agrochemical company in Abuja, Federal Capital Territory, Nigeria. DP was reconstituted in soya oil (SO, Grand Cereals and Oil Mills Limited, Jos, Nigeria) to a 5% stock solution. An analytical grade of taurine (TA, Chemical Abstract Service number: 107-35-7, purity ≥ 99%) was obtained from Sigma Aldrich ® (Steinheim, Germany). Prior to daily administration, 100 mg of TA was reconstituted in distilled water (DW) to obtain 100 mg/ml suspension.
Subacute toxicological study
The Wistar rats were weighed and divided randomly into five groups, with 10 rats in each group. Distilled water was given to the DW group, while the SO group was administered with soya oil (1 ml/kg). The TA group was treated with taurine only (50 mg/kg [17, 18] ), while the DP group received dichlorvos only (10 mg/kg, 1/7th LD 50 ). The combination treatment group received TA first (50 mg/kg), and then DP (10 mg/kg) 30 min after the administration of TA. The treatments were administered once daily by oral gavage for 4 weeks. The rats were observed for clinical signs of toxicity during the study. At the end of the study, the rats were euthanized by decapitation [19] and 3 ml of blood samples were collected into centrifuge tubes. The blood samples were incubated at room temperature for 30 min and then centrifuged at 1000 × g for 5 min to obtain sera samples.
Determination of MDA concentration
The concentration of malondialdehyde (MDA) was evaluated in the serum. The method described by Draper and Hadley [20] was used. The principle of the method was based on the spectrophotometric measurement of the colour developed during the reaction of thiobarbituric acid with MDA. The solutions were cooled under tap water and the absorbance was measured with an ultraviolet (UV) spectrophotometer (T80 + UV/Visible Spectrophotometer ® , PG Instruments Ltd., Leicestershire, United Kingdom) at 532 nm. The concentration of MDA in the samples was calculated by using the absorbance coefficient, MDA-TBA complex 1.56 × 10 5 cm −1 M −1 .
Assays of the activities of serum antioxidant enzymes
Superoxide dismutase (SOD) was assayed with the Northwest Life Science Specialties (NWLSSTM) SOD activity assay kit based on the method described by Martin et al. [21] . Catalase activity was measured by the NWLSSTM CAT activity assay kit according to the method described by Beers and Sizer [22] . The assay kits were purchased from Northwest Life Science Specialties, LLC, Vancouver, Washington, DC, United States of America.
Statistical analysis
The data obtained were expressed as mean ± standard error of the mean. The biochemical parameters were analysed with one-way analysis of variance followed by Tukey's multiple comparism post hoc test. The statistical package used was Graphpad Prism version 4.00 for Windows (Graphpad software, San Diego, California, USA). Values of P < 0.05 were considered statistically significant.
Results

Effects of treatments on serum malondialdehyde concentration
The effects of the treatments on serum malondialdehyde (MDA) concentration are shown in Fig. 1 . The highest serum MDA concentration was recorded in the DP group, while the lowest serum MDA concentration was observed in the TA + DP group. F4,45 = 1.506; P = 0.2164.
Effects of treatments on serum superoxide dismutase activity
There was a significant increase (P < 0.05) in the serum superoxide dismutase activity in the TA group compared to the SO group. This is illustrated in Fig. 2 , where a = P < 0.05; TA group versus SO group. F4,45 = 3.283; P = 0.01.
Effects of treatments on serum catalase activity
The serum catalase (CAT) activity was significantly increased (P < 0.001) in the TA group compared to those in the DW and SO groups respectively. This is depicted in Fig. 3 , where a = p < 0.001, TA group versus DW and SO groups respectively. In addition, the serum CAT activity in the TA group was improved (P < 0.01) relative to that in the DP group; b = p < 0.01 TA group versus DP group. The serum CAT activity in the TA + DP group was elevated (P < 0.001) compared to those in the DW and SO groups respectively; c = p < 0.001 TA + DP group versus DW and SO groups respectively (Fig. 3) . The serum CAT activity in the TA + DP group was enhanced (P < 0.05) compared to that in the DP group; d = p < 0.05 TA + DP group versus DP group. F 4,45 = 11.93; P < 0.0001.
Discussion
In this study, the highest serum MDA concentration was recorded in the DP group and this suggested that DP elicited lipid peroxidation. Lipid peroxidation is the process of oxidative disintegration of polyunsaturated fatty acids and its occurrence in biological membranes is characterized by impairment of membrane fluidity and inactivation of several membrane bound enzymes [23] . Eroğlu et al. [24] reported that treatment with DP caused an increase in the level of MDA and decreased the activities of antioxidant enzymes in human erythrocytes in vitro. This suggested that DP evoked lipid peroxidation in the human erythrocytes. In a research conducted by Ojo et al. [25] , DP increased serum lipid peroxidation in male Wistar rats. Moreover, DP elicited oxidative stress in mice serum and kidneys in studies conducted by Agarwal et al. [26] and Agarwal et al. [27] respectively. In the current investigation, the increase in the serum MDA concentration in the DP group was not statistically significant. This might be attributed to the short duration of the study (4 weeks) and the low dose of DP that was administered to the experimental animals.
In contrast, the serum MDA concentration was reduced in the male Wistar rats that received TA. TA acts as a direct antioxidant by scavenging free radicals and by inhibiting lipid peroxidation [28] . Also, TA mitigates the production of MDA and consequently stabilizes biological membranes against lipid peroxidation [29] . It is known that TA may impede lipid peroxidation by increasing the activities of GPx and SOD in biological systems [30] . It has been postulated that TA decreased serum MDA concentration in male Wistar rats co-administered with chlorpyrifos and lead probably through its antioxidant properties [18] . To the best of our knowledge, this is the first investigation in which TA was reported to mitigate subacute DP toxicity through the alleviation of oxidative stress.
Furthermore, the activities of the serum antioxidant enzymes (SOD and CAT) were reduced in the male Wistar rats administered with DP. The endogenous antioxidant enzymes (SOD and CAT) are the first line of defense against oxidative stress induced by various xenobiotics [31] . SOD catalyzes the transformation of superoxide anion radical to hydrogen peroxide, while CAT changes hydrogen peroxide into water [32] . It has been posited that DP decreased SOD and CAT activities in rats through the induction of oxidative stress [33] .
On the contrary, the activities of the serum antioxidant enzymes were augmented in the rats that were treated with TA. It has been demonstrated that TA enhanced the activities of serum antioxidant enzymes in male Wistar rats exposed to environmental toxicants [18] . According to Eppler and Dawson [34] , TA elicits its antioxidant effects by improvement of the antioxidant system, production of chloramines with hypochlorous acid and restoration of GSH during oxidative stress. In our study, the enhancement of the activities of the serum antioxidant enzymes by TA might be ascribed to its antioxidant property.
Conclusion
The results of this study indicated that subacute DP toxicity induced oxidative stress in male Wistar rats and this was manifested by increased serum malondialdehyde concentration and reduction in the activities of serum antioxidant enzymes (superoxide dismutase and catalase). However, TA attenuated serum lipid peroxidation and enhanced the activities of serum antioxidant enzymes in the rats. It is hypothesized that TA reduced oxidative stress evoked by subacute DP toxicity through the reduction of serum malondialdehyde concentration and augmentation of the activities of serum antioxidant enzymes. Fig. 3 . Effects of treatments on serum catalase activity. Data are expressed as mean ± standard error of the mean, n = 10 animals/group DW: Distilled Water; SO: Soya Oil (1 ml/kg); TA: Taurine (50 mg/kg); DP: Dichlorvos (10 mg/kg); TA + DP: Taurine (50 mg/kg) + Dichlorvos (10 mg/kg) a = p < 0.001 TA group versus DW and SO groups respectively. b = p < 0.01 TA group versus DP group. c = p < 0.001 TA + DP group versus DW and SO groups respectively. d = p < 0.05 TA + DP group versus DP group. F 4,45 = 11.93; P < 0.0001.
